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THE EFFECT OF SODIUM NITRATE AND WATER AP-
PLICATIONS TO APPLE TREES SUFFERING 
FROM DROUTH 
ON 
SOME CHEMICAL 
CONSTI1TENTS OF THE FRUIT 1 
H. H. PLAGGE 
Storage tests ~ on apples indicated that orchard applications of 
nitrate of soda had an unfavorahle influence on storage capacity. 
As this effect appeared to be greatly restrained by drouth in 1930, 
experiments were carried on in 1931 to determine specifically the 
effect of differential treatments of nitrate of soda and water to 
trees suffering from dry weather. 
ORCHARD CONDITIONS AND ~IETHODS OF THE EXPERIMENT 
The soil moisture content in the experimental orchard for this 
work reached a low level in 1930 and, judging from the wilted 
appearance of the trees, was still lower in 1931. The weather up 
to the second week in August in 1931 had been even drier than in 
1930. The experiment was initiated on August 12, 1931. Four 
12-year-old Golden Delicious trees which were comparable in size 
and in the amount of the crop on the tree were selected for this 
work. On August 12, and on subsequent weekly intervals until 
late in September, two trees received at each application a quantity 
of water equivalent to 2.8 acre inches. Five irrigations were given 
altogether. The absorption of the water was confined to the area 
beneath the trees by means of a dike of earth. One watered and 
one unwatered tree each received 8 pounds of nitrate of soda. This 
quantity was approximately two and one-half times the usual 
orchard application to trees of this age. It was applied before the 
trees were irrigated. A fourth tree served as a control and buffer 
trees between treatments were used. The nitrate plus water tree 
produced fruit of good size, but not excessively large apples, while 
the fruit from the other three trees was somewhat under average 
size for normal years. 
Non-colloidal and colloidal nitrogen, sugar and alcohol insoluble 
residue analyses were made on 100-gram samples of tissue sliced 
1. Journal Paper No. J-256 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project 283. 
~Plagge, H. H. Do successive applications of nitrogenous fertilizers influence the 
d('velop111ent of physiological disorders of apples in cold storage? Proc. Amer. Soc. 
Hort. Sci. 27 :23-27. 1930. 
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thinly from the centers of 20 apples. An account of the analytical 
methods used has been given in another publication.3 Samples 
were taken on the date the experiment was started and on the 
picking date. For storage tests, two standard boxes of fruit from 
each of the treatments were selected. The cold storage temperature 
was 30-31°F. Storage was deferred 14 days at S0°F. 
RESULTS 
The nitrogen analyses are given in Table I. The "nitrate only" 
treatment resulted in a much higher non-colloidal nitrogen and a 
slightly higher colloidal nitrogen content in the fruit. The control 
was lowest in non-colloidal nitrogen. The treatments "water only" 
and "nitrate plus water" gave similar results. Considering all treat-
ments, the principal differences were in the soluble fraction. The 
sodium nitrate without water treatment resulted in a total nitrogen 
content approximately 92 per cent greater than the check and 83 
per cen greater than nitrate plus water treatments, and was higher 
than that of the green fruit picked on August 12. 
Table I - Effect of irrigating and fertilizing Golden Delicious apple trees 
on the nitrogen content of the fruit. (mg. per 100 gm. fresh tissue) 
Date of Treatment Non-colloidal N. Colloidal N. Total N. sampling mg. mg. mg. 
Frnit immature 
Aug.12 before treating 12.249 25.939 38.187 
Oct. 12 No treatment 3.607 17.549 21.156 
Oct. 12 Water only 7.214 17.689 24.903 
Oct. 12 Nitrate only 18.711 21.999 40.710 
Oct. 12 Nitrate and water 5.561 16.719 22.279 
The nitrate plus water treatment might be expected to increase 
the nitrogen content of the fruit more than any of the other three 
treatments. An explanation of the unexpected results probably 
relates to the losses of nitrates incurred under heavy irrigation 
through leaching and denitrification. After the first irrigation some 
rains occurred, so that the soil moisture content must have been 
near the field capacity much of the time. Other investigations have 
shown that nitrate may be lost through denitrification when soil 
moisture content is maintained at a high level. The apparent reason. 
for the high nitrogen content attending the nitrate only treatment 
was that with the available nitrate and some rainfall, conditions 
were satisfactory for the absorption of nitrates. 
In the sugar analyses given in Table II, reducing sugars were 
slightly higher and sucrose lower in the check treatment. There 
3 Plagge, H. H. The storage behavior of apples as influenced by nitrogen fertiliza-
tion and storage temperature. Iowa State College Jour. Sci. 9 :95-114. 19.14. 
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Table II - Ejj ect of irrigating and f erti/i:;ing Golden Delicious apple trees 
cm the sugar content of the frnit. (PerCl'ntage per 100 gm. fresh tissue) 
Date of Treatment Reducing Non-reducing Total sampling sugars sugars sugars 
Fruit immature 
Aug.12 before treating 7.05 1.06 7.97 
Oct. 12 No treatment 8.25 2.22 11.34 
Oct. 12 Water only 7.75 4.25 12.00 
Oct. 12 Nitrate only 7.83 4.24 12.08 
Oct. 12 Nitrate and water 7.50 4.55 12.03 
were no significant differences between the other three treatments. 
The lower sucrose and total sugar contents under the control treat-
ment suggests a decrease in photosynthetic efficiency attending low 
soil moisture. Furr and Magness 4 found in irrigated plots that 
daily stomata! activity in apple leaves was twice as long as in non-
irrigated plots, and that apple leaves wilted when the soil moisture 
content of the upper two feet of soil approached the permanent 
wilting percentage. They concluded that soil moisture must be 
above the wilting percentage if leaYes are to function with max-
imum photosynthetic activity. 
The alcohol insoluble residues were determined and were found 
to be nearly the same for all treatments. The nitrate only was 
slightly the highest, which probably indicated a higher starch con-
tent on the picking elate. The storage results showed no significant 
differences in susceptibility to any storage diseases. 
CONCLUSIONS 
Irrigating Golden Delicious trees heavily late in summer (Au-
gust 12) did not materially change the nitrogen content of apples 
or make them more susceptible to soggy breakdown. Such treat-
ment increased the sucrose and total sugar content of the fruit. 
Irrigation without nitrate fertilization gave results similar to irri-
gation with heavy nitrate fertilization, while heavy nitrate fertiliza-
tion without irrigation greatly increased the nitrogen content of the 
fruit, particularly non-colloidal nitrogen, but not soggy breakdown 
susceptibility. 
~rr, J. R. and Magness, J. R. Preliminary report on relation of so!I moisture to 
stomata! activity and fruit growth of apples. Proc. Amer. Soc. Hort. Sci. 27 :212-218. 
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